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ABSTRACT : 

PROBLEM TO BE SOLVED: To adjust the passing bandwidth of the resonator type surface 
acoustic wave filter. 

SOLUTION: Serial arm elements 30S-1, 30S-23, and 30S-4 pass signals of frequencies 
above a resonance frequency and below an antiresonance frequency well and do not 
pass frequencies above the antiresonance frequency well. Parallel arm elements 30P- 
12 and 30P-34 pass frequencies above the resonance frequency and below the 
antiresonance frequency well and do not pass frequencies below the resonance 
frequency well. Consequently, this resonator type SAW filter pass signals of 
frequencies from the resonance frequency of the parallel arm elements 30P-12 and 
30P-34 to the antiresonance frequency of the serial arm elements 30S-1, 30S-23, and 
30S-4 to serve as a band-pass filter. A piezoelectric substrate 31 has a large 
electromechanical coupling coefficient, so the bandwidths of serial arm resonators 
40S-1, 40-S-23, and 40S-4 and parallel arm resonators 40P-12 and 40P-34 become 
unnecessarily wide. Therefore, capacitors 50S-1, 50S-23, 50S-4, 50S-12, and 50P-34 
are connected to those respective resonators in series to reduce and adjust the 
bandwidth. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for various circuits, such as for example, a land mobile radiotelephone 
machine, a portable telephone, and communication equipment, and relates to the resonator mold surface acoustic wave (it is 
called "SAW" Surface Acoustic Wave and the following) filter made the configuration which can adjust especially signal 
pass band width. 
[0002] 

[Description of the Prior Art] Generally, SAW equipment has a blind-like transducer (it is called "IDT" Interdigital 
Transducer and the following) for exciting SAW, and can give various properties and functions to this SAW equipment by 
processing this IDT. When calling it SAW equipment conventionally, the SAW filter was mainly pointed out in many cases, 
and in the SAW filter, the multi -electrode mold SAW filter was the leading role. However, speaking of [ in recent years / 
researches and developments of a resonator mold SAW filter also prosper besides a multi -electrode mold SAW filter, and ] 
an SAW filter, a multi -electrode mold SAW filter will not necessarily be meant. 

[0003] A resonator mold SAW filter is a filter using the SAW resonator constituted based on the design approach of a classic 
electrical filter. The body of a SAW resonator is IDT which the blind-like electrode finger countered, and a reflector may be 
prepared in these right and left of IDT by the case. If a reflector as well as IDT consists of blind-like electrode fingers and all 
these electrode fingers may short-circuit it electrically, it may be opened wide. Whether a reflector reflects acoustically SAW 
mainly revealed to right and left of IDT, and it short-circuits all the electrode fingers electrically or it opens, most effects to 
the property of a SAW resonator cannot be found. Since the impedance characteristic of a SAW resonator is extremely 
similar to the impedance characteristic of LC resonator, it can apply the design approach of an electrical filter. 
[0004] Drawing 2 is the top view showing the conventional SAW resonator. This SAW resonator 10 has the piezo-electric 
substrates 11, such as lithium tantalate (LiTa03), lithium niobate (LiNb03), or Xtal (Si02), and is an input terminal 12, an 
output terminal 13, and two or more electrode fingers 1 4a on this piezo-electric substrate 11. IDT14which it has is formed. 
In the both sides of IDT 14, they are Reflectors 15L and 15R: It is formed. In addition, reflectors 15L and 15R It is not formed 
when unnecessary. 

[0005] Drawing 3 (a) - (c) is the reflectors 1 5L and 1 5R in drawing 2 . It is the shown top view and, as for this drawing (a), a 
short circuit mold and this drawing (c) show the open sand mold, respectively, as for schematic drawing and this drawing (b). 
Each reflectors 15L and 15R Electrode finger 15a About 50-100 are suitable for a number. Generally, they are each reflectors 
15L and 15R. Electrode finger 15a It is the configuration which connected too hastily electrically like drawing 3 (b), or was 
wide opened like drawing 3 (c). Reflectors 1 5L and 1 5R For the location to arrange, although various locations are set up in 
order to obtain a desired impedance, IDT 14 is outside electrode finger 14a most. A core and reflectors 15L and 15R 
Electrode finger 15a by the side of this IDT 14 It is set up in many cases so that distance with a core may turn into distance 
before and behind the quarter-wave length of SAW to excite. It sets in the manufacture process of this SAW resonator 10, 
and they are IDT 14 and Reflectors 15L and 15R. Since it is formed in coincidence, that quality of the material and thickness 
are the same. Although the quality of the material of IDT 14 has the common alloy which used pure aluminum or this pure 
aluminum as the principal component, the alloy which makes pure Au, unalloyed ti, or these metals the charge of a principal 
member depending on the case may be used. The thickness of IDT 14 is set as thousands A from several 100 A. Thus, since 
the constituted SAW resonator 10 shows LC resonator and a similar reactive characteristic, the equal circuit is expressed with 
LC resonator in approximation in many cases. 

[0006] Drawing 4 (a) and (b) are drawings showing the equal circuit and reactive characteristic of the SAW resonator 10 of 
drawing 2 . In the equal circuit of drawing 4 (a), they are the inductor 16 of an inductance L, and electrostatic capacity cl 
between an input terminal 12 and an output terminal 13. Series connection of the resistance 18 of a capacitor 17 and 
resistance r is carried out, and it is electrostatic capacity CO to these and juxtaposition. The capacitor 19 is connected. It sets 
to the reactive characteristic of drawing 4 (b), and is a reactive characteristic X0. The frequencies set to 0 ohm are resonance 
frequency Frl and antiresonant frequency Fal, and it is expressed with a degree type (1) and (2) in approximation, 
respectively. 

Frl=l/2piroot (Lcl) ... (1) Fal=(l/2pi) root {(cl+C0) /(cl CO L)} ... (2) The method of designing an electrical filter using the 
component which has such a reactive characteristic is learned for many years. 



http ://www4. ipdl .ncipi . go j p/cgi -bin/tran_web_cgi_ejj e 



10/7/04 



Page 2 of 6 



[0007] When it constitutes a filter using the SAW resonator 10 of drawing 2 , an one-step ladder mold circuit turns into a 
basic circuit. Drawing 5 (a) and (b) are the block diagrams showing two kinds of examples of the conventional one-step 
ladder mold circuit. One-step ladder mold circuit 20A of drawing 5 (a) One-step ladder mold circuit 20B of drawing 5 (b) It 
is both juxtaposition arm (arm) resonator 10P. Serial arm resonator 10S It has and is symmetrical, namely, ladder mold 
circuit 20A The left-hand side terminal 21-0 and 22-0 from - this ladder mold circuit 20A The seen impedance ladder mold 
circuit 20B The right-hand side terminal 21-1 and 22-1 from - this ladder mold circuit 20B Equal to the seen impedance 
ladder mold circuit 20A The right-hand side terminal 21-1 and this ladder mold circuit 20from 22-1 A the seen impedance -- 
ladder mold circuit 20B The left-hand side terminal 21-0 and 22-0 from ~ this ladder mold circuit 20B It is equal to the seen 
impedance. Ladder mold circuits 20A and 20B When it uses and constitutes a filter, they are the ladder mold circuits 20A and 
20B. It is ladder mold circuit 20A, taking the impedance of a between into consideration. Or 20B It chooses, ladder mold 
circuits 20A and 20B setting - juxtaposition arm resonator 10P Antiresonant frequency and serial arm resonator 10S or [ that 
resonance frequency approaches very much ] -- or if in agreement, the property of a band -pass filter with the very good 
adjustment condition in the input terminal and output terminal of the whole system will be acquired. 
[0008] Drawing 6 is the one-step ladder mold circuits 20A and 20B of drawing 5 . It is drawing showing a reactive 
characteristic and a transmission characteristic. It sets to drawing 6 and is juxtaposition arm resonator 10P. A reactive 
characteristic and serial arm resonator 10S A reactive characteristic is shown by characteristic curves Xp and Xs, and has 
resonance frequency Frp and Frs and antiresonant frequency Fap and Fas, respectively. Consequently, one-step ladder mold 
circuit 20A Or 20B An insertion-loss property comes to show a characteristic curve 10 and a reflection loss property to a 
characteristic curve R0. 

[0009] This insertion-loss property 10 It is the insertion-loss property of a band-pass filter, and they are ladder mold circuit 
20A and 20B. Although the magnitude of attenuation other than a passband increases remarkably by increasing a number of 
stages, a passband insertion loss also increases. Therefore, a number of stages required for the configuration of a filter is set 
up according to the conditions of the property of this filter, for example, a passband insertion loss, the level of the magnitude 
of attenuation out of band, etc. Moreover, it is not a decisive factor although this number of stages contributes to the pass 
band width BW of a certain extent filter. Deciding pass band width BW is serial arm resonator 10S which constitute this 
filter. And juxtaposition arm resonator 10P Bandwidth, i.e., frequency spacing of the resonance frequency Frp and Frs and 
antiresonant frequency Fap and Fas of each SAW resonator, and serial arm resonator 10S Resonance frequency Frs and 
juxtaposition arm resonator 10P It is frequency spacing of antiresonant frequency Fap. Although the reactive characteristic of 
each SAW resonator which constitutes a resonator mold SAW filter is shown by drawing 6 , the pass band width B W of a 
filter is juxtaposition arm resonator 10P. Resonance frequency Frp and serial arm resonator 10S It is settled between 
antiresonant frequency Fas. That is, the pass band width BW of a filter is juxtaposition arm resonator 10P. Resonance 
frequency Frp and serial arm resonator 10S It cannot become larger than frequency spacing of antiresonant frequency Fas. 
Moreover, although it is shown by drawing 6 that antiresonant frequency Fap and resonance frequency Frs are in agreement, 
without these frequencies Fap and Frs being in agreement, if antiresonant frequency Fap is lower than resonance frequency 
Frs, pass band width BW will become large, and if antiresonant frequency Fap is higher than resonance frequency Frs, pass 
band width BW will become narrow. If these two frequencies are not in agreement in the case of which, the more that 
discrepancy is large, the more they are the ladder mold circuits 20A and 20B. An inner adjustment condition will get worse 
and a filter shape will deteriorate as a result. 

[0010] However, the use frequency bands assigned by law to various kinds of communication equipment are not necessarily 
the ladder mold circuits 20A and 20B conventionally. It is not in agreement with the pass band width BW when an inner 
adjustment condition is good. Therefore, pass band width BW must be adjusted so that the usable frequency band decided by 
law may be suited. Therefore, at a resonator mold SAW filter, they are the ladder mold circuits 20A and 20B. At the sacrifice 
of an inner adjustment condition, even if, it is the antiresonant frequency Fap of juxtaposition arm resonator 10P, and serial 
arm resonator 10S. Resonance frequency Frs must be shifted mutually, and it cannot but adjust so that the use frequency band 
where pass band width BW was assigned may be suited. If it does in this way, the insertion-loss property and reflection loss 
property of a resonator mold SAW filter will deteriorate, and low loss-ization of a filter will be barred. 
[001 1] On the other hand, although the number of stages of the resonator mold SAW filter actually used is generally three or 
more steps, the base of the configuration of a filter is not different from one step which was mentioned above of case. 
Moreover, ladder mold circuits 20A and 20B of the SAW resonator which constitutes a filter Although a number of stages 
has effects of some on pass band width BW, it is not a decisive factor. However, in order to attain simplification of 
explanation, the configuration of the resonator mold SAW filter constituted from a multistage ladder mold circuit is explained 
for convenience. Ladder mold circuits 20A and 20B which constitute a resonator mold SAW filter If a number of stages 
increases, they are Resonators 10P and 10S. A number also increases in proportion to a number of stages. 
[0012] Drawing 7 is the ladder mold circuits 20A and 20B of drawing 5 . It is the block diagram showing the conventional 
four-step resonator mold SAW filter constituted by using, this resonator mold SAW filter - one-step ladder mold circuits 
20A and 20B of drawing 5 (a) and (b) It uses, terminals with an equal impedance are connected so that the impedance of 
interstage may be adjusted, and the filter which consists of a total of eight resonators is constituted. Namely, juxtaposition 
arm resonator 10P-1 of the 1 st step of ladder mold circuit 20-1, Juxtaposition arm resonator 10P-2 of the 2nd step of ladder 
mold circuit 20-2, and juxtaposition arm resonator 1 0P-3 of the 3rd step of ladder mold circuit 20-3 And juxtaposition arm 
resonator 10P-4 of the 4th step of ladder mold circuit 20-4 A juxtaposition arm is constituted. On a serial arm Serial arm 
resonator 10S-1 of the ladder mold circuit 20-1, serial arm resonator 10S-2 of the ladder mold circuit 20-2, serial arm 
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resonator 10S-3 of the ladder mold circuit 20-3, and serial arm resonator 10S-4 of the ladder mold circuit 20-4 It is 
incorporated. 

[0013] Two resonators connected to two resonators or juxtaposition connected to the serial are compoundable to one 
resonator. It is the description that this synthetic resonator has an impedance characteristic almost equivalent to two resonator 
systems each. For example, serial arm resonator 10S-2 of the ladder mold circuit 20-2 Serial arm resonator 10S-3 of the 
ladder mold circuit 20-3 It compounds. Juxtaposition arm resonator 10P-1 of the ladder mold circuit 20-1 Juxtaposition arm 
resonator J OP-2 of the ladder mold circuit 20-2 It compounds. Furthermore, juxtaposition arm resonator 10P-3 of the ladder 
mold circuit 20-3 Juxtaposition arm resonator 10P-4 of the ladder mold circuit 20-4 By compounding, the four-step resonator 
mold SAW filter of drawing 7 becomes as shown in drawing 8 (a) and (b). Drawing 8 (a) and (b) are the block diagrams 
showing the four-step resonator mold SAW filter after composition of drawing 7 , this drawing (a) is an identification circuit 
diagram, and this drawing (b) is a top view. 

[0014] It sets to the equalizing circuit of drawing 8 (a), and is juxtaposition arm resonator 10P-1. And 10P-2 By resonator 
composition New juxtaposition arm resonator 10P-12 are constituted, and it is serial arm resonator 10S-2. And 10S-3 By 
resonator composition New serial arm resonator 10S-23 are constituted, and it is juxtaposition arm resonator 10P-3. And 
10P-4 New juxtaposition arm resonator 10P-34 are constituted by resonator composition. Therefore, at drawing 7 , it is eight 
resonator 10P-1, 10P-2, 10P-3, 10P-4, 10S-L 10S-2, 10S-3, and 10S-4. As opposed to having been required At drawing 8 , a 
resonator mold SAW filter with the same transmission characteristic and same impedance characteristic as drawing 7 consists 
of five resonator 10P-12, 10P-34, 10S-1, 10S-23, and 10S-4. 

[0015] In the top view of drawing 8 (b) this resonator mold SAW filter The input terminal 21-0 and output terminal 21-4 
which were formed on the piezo-electric substrate II, Resonator 10S-1, 10S-23, 10S-4, 10P-12, and 10P-34, this -- each - 
serial arm resonator 10S-1 and 10S-. 23 and 10 - S-4, juxtaposition arm resonator 10P-12, and 10P-34 It consists of a 
transmission-line pattern 23 which connects between, and juxtaposition arm resonator 10P-12 and the ground pattern 24 of 
10P-34. Since a resonator mold SAW filter is generally a band-pass filter, the pass band width BW as well as a passband 
insertion loss and the magnitude of attenuation out of band is one of the elements with an important property. However, pass 
band width BW is the electromechanical coupling coefficient k2 of the piezo-electric substrate 1 1 fundamentally used for the 
configuration of a filter. Since it is decided and the quality of the material of the piezo-electric substrate 1 1 moreover also has 
only some kinds, it is difficult to make pass band width BW into a desired value. Here, it is an electromechanical coupling 
coefficient k2. It is the constant which expresses extent of association with an electric system and a mechanical system about 
piezoelectric material or a magnetostriction ingredient, and when what is stored as mechanical energy among the electric 
energy Ei given to the sample from outside is set to Em, it is given by k2 =Em/Ei. 

[0016] For example, LiTa03 Since four or more steps of number of stageses of the ladder mold circuits 20A and 20B are the 
need in order to obtain sufficient magnitude of attenuation out of band when a resonator mold SAW filter like drawing 8 is 
produced using the piezo-electric substrate 1 1, it is juxtaposition arm resonator 10P. Antiresonant frequency Fap and serial 
arm resonator 10S If resonance frequency Frs is made in agreement like drawing 6 , the pass band width BW of a filter is 
about 20MHz. It becomes, however, the specification of pass band width B W - 25MHz it is - since - juxtaposition arm 
resonator 10P which constitute a filter in order to fulfill this condition antiresonant frequency Fap - low-pass - 2.5MHz or 
more and serial arm resonator 10S 2.5MHz of resonance frequency Frs must be shifted in a high region. Consequently, a 
passband insertion loss is about l.OdB. It will deteriorate. 

[0017] Moreover, an electromechanical coupling coefficient k2 is LiTa03 (k2). For example, it is about 9 times as many 
LiNb03 (k2) as this from 0.66%. For example, when a resonator mold SAW filter like drawing 8 is produced using 5.5% of 
piezo-electric substrate, Conversely, pass band width BW is too wider than a specification, and they are the ladder mold 
circuits 20 A and 20B of this filter. Juxtaposition arm resonator 10P to constitute It is 10.0MHz to a high region about 
antiresonant frequency Fap. Above, And serial arm resonator 10S It is 10.0MHz to low -pass about resonance frequency Frs. 
It must shift. Consequently, juxtaposition arm resonator 10P Serial arm resonator 10S A considerable impedance mismatch 
will arise in between and a several dB passband insertion loss will deteriorate. Thus, in the conventional resonator mold 
SAW filter, another property is sacrificed instead of a service condition realizing an indispensable property preferentially. 
[0018] 

[Problem(s) to be Solved by the Invention] Although there are various technical problems in high performance-ization of an 
SAW filter like conventional drawing 8 , importance is mainly attached to low-loss-izing (namely, reduction of a passband 
insertion loss), a raise in the magnitude of attenuation outside a passband, electrification-proof [ quantity ], etc. However, 
management of the frequency band which various kinds of mobile communication equipment tends to increase, and already 
tends to be insufficient with development of mobile communication technology, and demand that these engine performance 
must be maintained in the frequency band decided severely besides the engine performance in which the filters currently used 
in various kinds of mobile communication equipment are low loss, the magnitude of attenuation outside high bandwidth, and 
power-proof [ quantity ] since it is severe are added in recent years. An SAW filter will be made to stand rather than other 
filters in this point by the disadvantageous position. 

[0019] That is, the pass band width BW of an SAW filter is the electromechanical coupling coefficient k2 of the piezo- 
electric substrate 1 1 of this filter. Since it is proportional mostly, the degree of freedom of a design is restricted. As 
mentioned above, the quality of the material of the piezo-electric substrate 1 1 which can be used as a substrate of an SAW 
filter is each electromechanical coupling coefficient k2, although there are only some kinds, for example, it is LiTa03, 
LiNb03, Si02, a niobic acid potassium (KNb03), langasite (La3 Ga5 Si014), etc. Since it was decided, if an SAW filter like 
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drawing 8 is produced using these, the pass band width BW will be decided mostly. In this case, when cutting the piezo- 
electric substrate 1 1 in process of substrate processing and the include angle of a cutting plane and a crystallographic axis is 
adjusted, it is an electromechanical coupling coefficient k2 slightly. Since it is changeable, the pass band width BW of an 
SAW filter can also be tuned now finely. However, since the include angle of a cutting plane and a crystallographic axis had 
a role dominant in the insertion loss of an SAW filter, it was easily unchangeable, and in order to change pass band width 
BW, when the include angle of a cutting plane and a crystallographic axis was adjusted, the technical problem that 
degradation of a filter pass band region insertion loss was caused occurred. 

[0020] such [ this invention ] conflict ~ removing - LiNb03 etc. - electromechanical coupling coefficient [ like ] k2 It aims 
at offering the resonator mold SAW filter of a configuration of that the pass band width B W of a filter is reducible to a 
desired value, without changing the cutting plane of a piezo-electric substrate which causes degradation of a filter pass band 
region insertion loss, and the include angle of a crystallographic axis, when producing a resonator mold SAW filter using a 
piezo-electric large substrate. 
[0021] 

[Means for Solving the Problem] The pass band width BW of a SAW resonator is the electromechanical coupling coefficient 
k2 of the piezo-electric substrate of this SAW resonator. Since it is decided mostly, it is easily unchangeable only with the 
structure of a SAW resonator. As a piezo-electric substrate of a SAW resonator, it is cheap and is good LiTa03 of the 
temperature characteristic. Si02 Although used from the former, these are an electromechanical coupling coefficient k2. 
Since it is small, it is not suitable for the large SAW resonator or large SAW filter of pass band width BW. If the adjustment 
condition of the interstage of a ladder mold circuit is changed into the best condition when it constitutes a resonator mold 
SAW filter especially using a SAW resonator, the pass band width BW of this filter will become quite narrower than the 
width of face of a specification. On the other hand, it is an electromechanical coupling coefficient k2. LiTa03 Si02 If the 
large quality of the material (for example, LiNb03) is used as a piezo-electric substrate, since the pass band width BW of a 
SAW resonator will become large too much, it is not suitable for a band-pass filter, so, in invention concerning claim 1 of 
this inventions It sets to a resonator mold SAW filter, and is the predetermined electromechanical coupling coefficient k2. 
The piezo-electric substrate which it has, The input terminal which is formed on said piezo-electric substrate and inputs an 
input signal, and the output terminal which is formed on said piezo-electric substrate and outputs an output signal, One or 
more serial arm resonators which consisted of SAW resonators which are formed on said piezo-electric substrate, and series 
connection is carried out between said input terminals and output terminals, and have a predetermined impedance 
characteristic, One or more 1st capacitors by which series connection was carried out one [ at a time ] to said one or more 
serial arm resonators, respectively, One or more juxtaposition arm resonators which consisted of SAW resonators which are 
formed on said piezo-electric substrate, and are connected to a ladder mold to said each serial arm resonator, and have a 
predetermined impedance characteristic, It has one or more 2nd capacitors by which series connection was carried out one 
[ at a time ] to said one or more juxtaposition arm resonators, respectively. 

[0022] If an input signal is inputted from an input terminal by having adopted such a configuration, each serial arm resonator 
will pass a signal for the frequency below each antiresonant frequency, and will reflect the frequency more than antiresonant 
frequency. Moreover, each juxtaposition arm resonator passes the signal of the frequency more than each resonance 
frequency, and reflects the frequency below resonance frequency. Therefore, a resonator mold SAW filter passes the signal of 
the frequency from the resonance frequency of a juxtaposition arm resonator to the antiresonant frequency of a serial arm 
resonator, and commits a band-pass filter, as for example, a piezo-electric substrate ~ electromechanical coupling coefficient 
k2 Large LiNb03 the case where it uses - every - since the bandwidth of a SAW resonator is large beyond the need - each 
serial arm resonator and a juxtaposition arm resonator - every ~ by carrying out series connection of the 1st and 2nd 
capacitors, respectively, resonance frequency is made high and antiresonant frequency is made low. Therefore, signal passage 
frequency bandwidth is reduced and it is adjusted to a desired value. Invention concerning claim 2 constitutes from the 
capacitative element by which the 1st and 2nd capacitors of claim 1 are connected to the exterior of a piezo-electric substrate, 
the capacitative element of the blind-like electrode mold formed on this piezo-electric substrate, or the capacitative element 
of the multilayer electrode mold formed on this piezo-electric substrate. The pass band width BW of a filter is adjusted to 
desired bandwidth with the value of the capacity of these capacitors by carrying out series connection of the capacitor to each 
SAW resonator which constitutes a filter by this, and narrowing obtained frequency spacing or bandwidth of the resonance 
frequency and antiresonant frequency of a new SAW resonator. 
[0023] 

[Embodiment of the Invention] The 1st operation gestalt drawing 9 (a) and (b) are the block diagrams of a SAW resonator 
showing the 1st operation gestalt of this invention, this drawing (a) is a top view and this drawing (b) is an equalizing circuit. 
In the top view of drawing 9 (a), this SAW resonator 30 has the piezo-electric substrate 31 of LiNb03, and the capacitor 50 
of an input terminal 32, an output terminal 33, the SAW resonator 40, and a blind-like electrode mold is formed on this 
piezo-electric substrate 31. Series connection of the capacitor 50 of the SAW resonator 40 and a blind -like electrode mold is 
carried out between the input terminal 32 and the output terminal 33. The SAW resonator 40 is two or more electrode fingers 
41a. Reflectors 42L and 42R formed in the both sides of IDT41 and IDT41 which it has It has. A capacitor 50 is blind-like 
electrode 50a. It has. although this capacitor 50 is structurally the same as that of the SAW resonator which is not equipped 
with the reflector, since it is the purpose to obtain electrostatic capacity rather than to to perform SAW excitation the SAW 
resonator 40 - between electrode fingers - dozens times - large - an electrode - a logarithm and crossover length are set up 
based on the value of the electrostatic capacity to need. 
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[0024] In the equal circuit of drawing 9 (b), series connection of the SAW resonator 40 and the capacitor 50 is carried out 
between the input terminal 32 and the output terminal 33. At the SAW resonator 40, they are inductor 40a of an inductance L, 
and electrostatic capacity cl between a capacitor 50 and an output terminal 33. Capacitor 40b And resistance 40c of 
resistance r Series connection is carried out and it is electrostatic capacity cO to these and juxtaposition. Capacitor 40d It 
connects. 

[0025] Next, actuation of drawing 9 (a) is explained. If the input signal of a RF is inputted from an input terminal 32, this 
input signal will pass a capacitor 50 and will reach the SAW resonator 40, but if C50 and angular frequency of an input signal 
are set to omega for the capacity of a capacitor 50, since the impedance of a capacitor 50 will be set to (-1 / C50omega), 
impedance 1 / C50omega is lengthened from the impedance of the SAW resonator 40. On the other hand, an electrical- 
potential -difference difference arises, SAW is excited between the electrode fingers of all IDT(s) that constitute the SAW 
resonator 40, and this SAW resonator 40 shows an impedance characteristic like a crystal resonator or the conventional LC 
resonator. 

[0026] Drawing 10 is the property Fig. of the reactance of the SAW resonator 30 of drawing 9 . However, at this drawing 10 , 
it is the characteristic curve X0 in drawing 4 (b) because of a comparison. It is displayed. In this drawing 10 , the 
characteristic curve Xv shows the reactive characteristic of the SAW resonator 30 of drawing 9 . Resonance frequency Frl 
and antiresonant frequency Fal are the values of the SAW resonator 10 of conventional drawing 2 , and resonance frequency 
Fr2 and antiresonant frequency Fa2 are the values of the SAW resonator 30 of drawing 9 . Since the impedance of a capacitor 
50 is negative, when this is connected to the SAW resonator 40 at a serial, the reactance of the whole system (namely, SAW 
resonator 30) will fall in a negative direction. Consequently, as shown in drawing 10 , (Fr2-Fa2) is smaller than (Frl -Fal). 
That is, the bandwidth of this SAW resonator 40 is reduced rather than the SAW resonator 30 of conventional drawing 2 by 
carrying out series connection of the capacitor 50 to the SAW resonator 40. That is, electromechanical coupling coefficient 
k2 of the piezo-electric substrate 31 The bandwidth (Frl-Fal) of the decided SAW resonator 40 is reduced to bandwidth 
(Fr2-Fa2) by carrying out series connection of the capacitor 50. 

[0027] Drawing 1 (a) and (b) are the block diagrams of the four-step resonator mold SAW filter of this operation gestalt 
which used the SAW resonator of drawing 9 , this drawing (a) is a top view and this drawing (b) is an identification circuit 
diagram. In the top view of drawing 1 (a), this resonator mold SAW filter has the piezo-electric substrate 3 1 . On this piezo- 
electric substrate 31, an input terminal 41-0, an output terminal 41-4, serial arm resonator 40S-1, 40S-23, and 40S-4, 
Juxtaposition arm resonator 40P-12, 40P-34 and capacitor 50S-1 of a blind-like electrode mold, 50S-23, 50S-4, 50P-12, and 
50P-34 are formed, furthermore, on the piezo-electric substrate 31 Serial arm resonator 40S-1 Between capacitor 50S-23 and 
50P-12 The transmission-line pattern 62 which connects between the transmission-line pattern 61 to connect, serial arm 
resonator 40S-23, and capacitor 50S-4 and 50P-34, the transmission-line pattern 63 which connects between juxtaposition 
arm resonator 40P-12 and capacitor 50P-12, The transmission-line pattern 64 which connects between juxtaposition arm 
resonator 40P-34 and capacitor 50P-34 and juxtaposition arm resonator 40P-12, and the ground pattern 65 of 40P-34 are 
formed. 

[0028] In the equal circuit of drawing 1 (b) Serial arm resonator 40S-1, 40S-23, and 40S-4, Capacitor 50S-1, 50S-23, 50S-4, 
50P-12, and 50P-34 are connected to a serial juxtaposition arm 40P-12 and 40P-34, respectively. Serial arm component 30S- 
1, 30S-23, and 30S-4 And juxtaposition arm component 30P-12 and 30P-34 are constituted. It is serial arm component 30S-J 
between an input terminal 41-0 and a node Nl. It connects and juxtaposition arm component 30P-12 are connected between 
this node Nl and the ground pattern 65. Serial arm component 30S-23 are connected between a node Nl and a node N2, and 
juxtaposition arm component 30P-34 are connected between this node N2 and the ground pattern 65. It is serial arm 
component 30S-4 between a node N2 and an output terminal 41-4. It connects. 

[0029] Next, actuation of drawing 1 is explained, each serial arm component 30 - S-l, 30S-23, and 30S-4 seldom often let 
[ the frequency below more than each resonance frequency and antiresonant frequency ] the frequency more than through and 
this antiresonant frequency pass for a signal. Moreover, juxtaposition arm component 30P-12 and 30P-34 It seldom often lets 
the frequency below through and this resonance frequency pass for the frequency below more than each resonance frequency 
and antiresonant frequency. Consequently, this resonator mold SAW filter passes the signal of the frequency from the 
resonance frequency of juxtaposition arm component 30P-12 and 30P-34 to the antiresonant frequency of serial arm 
component 30S-1, 30S-23, and 30S-4, and works as a band-pass filter. However, at this operation gestalt, it is an 
electromechanical coupling coefficient k2 as a piezo-electric substrate 31. Large LiNb03 Since it used, it is serial arm 
resonator 40S-1, 40S-23, 40S-4 and juxtaposition arm resonator 40P-12, and 40P-34. Bandwidth is large beyond the need. 
Therefore, series connection of capacitor 50S-1, 50S-23, 50S-4, SOP- 12, and 50P-34 is carried out to each of these resonators, 
respectively, and it adjusts to a desired value by reducing bandwidth. 

[0030] Drawing 1 1 is the property Fig. showing the insertion -loss property of the resonator mold SAW filter of drawing 1 . 
However, characteristic curve II when not connecting capacitor 50S-1, 50S-23, 50S-4, 50P-12, and 50P-34 to each resonator 
in drawing 1 in this drawing 1 1 for a comparison It is displayed. In this drawing 1 1 , a characteristic curve Iv shows the 
insertion-loss property of the resonator mold SAW filter of drawing 1 . Serial arm resonator 40S-1, 40S-23, 40S-4 and 
juxtaposition arm resonator 40P-12, and 40P-34 which constitute this filter By carrying out series connection of capacitor 
50S-1, 50S-23, 50S-4, 50P-12, and 50P-34, respectively It is shown that pass band width BW is reduced. The pass band 
width BW of the resonator mold SAW filter of drawing 1 constituted using the SAW resonator 30 of drawing 9 becomes the 
abbreviation 1/2 of the bandwidth of this SAW resonator 30. Thus, LiNb03 Electromechanical coupling coefficient [ like ] 
k2 Even if it constitutes a resonator mold SAW filter using the piezo-electric large substrate 3 1 Serial arm resonator 40S-1, 
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40S-23, 40S-4 and juxtaposition arm resonator 40P-12, and 40P-34 By carrying out series connection of capacitor 50S-1, 
50S-23, 50S-4, 50P-12, and 50P-34, respectively The too wide pass band width BW is adjusted to a desired value. 
[0031] As mentioned above, at this 1st operation gestalt, it is LiNb03, for example. Electromechanical coupling coefficient 
[ like ] k2 When a resonator mold SAW filter is constituted using the piezo-electric large substrate 31, Serial arm resonator 
40S-1, 40S-23, 40S-4 and juxtaposition arm resonator 40P- 12, and 40P-34 By carrying out series connection of capacitor 
50S-1, 50S-23, 50S-4, 50P-12, and 50P-34, respectively The too wide pass band width BW can be adjusted to a desired 
value. 

[0032] The 2nd operation gestalt drawing 12 is the sectional view of a SAW resonator showing the 2nd operation gestalt of 
this invention, and the common sign is given to the element in drawing 9 (a) which shows the 1st operation gestalt, and the 
common element. In this SAW resonator, it replaces with the capacitor 50 in drawing 9 (a), and the capacitor 60 of a 
configuration of differing is formed, this capacitor 60 — the structure of a multilayer electrode mold capacitor — having — the. 
piezo-electric substrate 3 1 top - a conductor - a thin film 6 1 , the dielectric thin film (for example, Si02) 62, and a conductor 
- a thin film 63, the dielectric thin film 64, and a conductor the laminating of the thin film 65 is carried out to order, and it 
is constituted, a conductor — the thin film 65 is connected to the input terminal 32. the electrostatic capacity of a capacitor 60 
-- a conductor - the crossover area of thin films 61, 63, and 65, and dielectric thin films 62 and 64 It is determined by 
thickness and the dielectric constant. Using this SAW resonator, when [ the / as drawing 1 / same ] constituted resonator 
mold SAW filter 0, the almost same actuation as the 1st operation gestalt is performed. Although a manufacture process takes 
time and effort compared with the capacitor 50 of the blind-like electrode mold of the 1st operation gestalt, since the degree 
of freedom of a setup of electrostatic capacity is large, the capacitor 60 of a multilayer electrode mold may be adopted on 
account of a design. As mentioned above, at this 2nd operation gestalt, it is serial arm resonator 40S-1, 40S-23, 40S-4 and 
juxtaposition arm resonator 40P-12, and 40P-34. Since the capacitor 60 of a multilayer electrode mold was adopted as a 
capacitor which carries out series connection, in addition to the advantage of the 1st operation ******, the degree of freedom 
of a setup of electrostatic capacity can be enlarged. 

[0033] In addition, this invention is not limited to the above-mentioned operation gestalt, but various deformation is possible 
for it. As the modification, there is the following, for example. 

(a) With an operation gestalt, although four steps of resonator mold SAW filters were explained, this number of stages may 
be fluctuated according to the specification of the required magnitude of attenuation. 

(b) Although components mark will increase if the configuration of a resonator mold SAW filter is made into the circuitry 
shown in drawing 7 , the same operation as drawing 1 and effectiveness are acquired. 

(c) Reflectors 42L and 42R in drawing 9 You may delete, when there may be much loss. 

(d) The capacitor 50 in drawing 9 may be formed between an output terminal 33 and the SAW resonator 40. 

(e) Although all of capacitor 50S-1 in the capacitor 50 in drawing 9 and drawing 1 , 50S-23, 50S-4, 50P-12, and 50P-34 are 
blind-like electrode molds, with the dimension of the piezo-electric substrate 31, the location of the SAW resonator 40, a 
dimension, etc., they may be made mixing with a multilayer electrode mold or a blind-like electrode mold, and a multilayer 
electrode mold, and may be connected to the exterior of the piezo-electric substrate 31. Thereby, the degree of freedom of a 
design of a resonator mold SAW filter can be enlarged. 

[0034] 

[Effect of the Invention] As explained to the detail above, according to invention concerning claim 1, the too wide pass band 
width BW can be adjusted to a desired value by carrying out series connection of each capacitor to each serial arm resonator 
and each juxtaposition arm resonator which constitute a resonator mold SAW filter, respectively. Since the capacitative 
element connected to the exterior of a piezo-electric substrate as a capacitor which carries out series connection to each serial 
arm resonator and a juxtaposition arm resonator, the capacitative element of the blind-like electrode mold formed on this 
piezo-electric substrate, or the capacitative element of a multilayer electrode mold was adopted according to invention 
concerning claim 2, in addition to the effect of the invention concerning claim 1, the degree of freedom of a setup of 
electrostatic capacity can be enlarged. 



[Translation done.] 
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